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(54) AbstraaTitle . ' ' 

, Semiconductor device having wiring layers integrally formed with an interiayer. connection plug,, and 
method of manufacturing the same 

(57) To form an interconnection between an upper wiririg layer 9 and a lower wiring layer 8 of a 
semiconductor device; a conductive material 7; 8, which may comprise more than one layer, but has uniform 
etching characteristics is deposited In a trench formed in an insulation film 3 that will insulate the upper wiring 
layer frorri the lower wiring layer. The iower wiring layer and the plug are etched form the deposited 
conductive material using a resist pattern. The wiring structure does not- include an etching stcDpper at rhe * ? 
bpundary between the lower wiring layer and the plug. 
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SSMICON'DUCTOR DEVICE HAVING WIRING LAYERS INTEGRALLY 
FORMED WITH- AN I NTERLAYER CONNECTION PLUG AND METHOD ' OF 

MANUFACTURING . THE SAME 



- ■ ■ Technical . Field : .. '[-■^■^;' 

. * The . present invention, " relaces to a semiconductor. 
; device and a method of manufacturing the same Mpre 
'-'■^ particularly, ' the ' present .invention relate^ ; to a 
5 semiconductor .device having a multilayer wiring structure . 

-. which, .includes an upper • wiring layer / . a lower .■•wiring 
r layer, and ■ a columnar connect ion ■ section (hereinaf'Eer 
. r-v referred to as a plug) for connecting them , as well as- to 
\' \ a method of manufacturing the. semiconductor deviGe*. - 

^10.' ■•" Background Art ' : i:':'-^ : '.. ;-'^r 

' ; ' ' . "A method of forming . a^ plug, which is. also calued- a' 

' "columnar .'. Gonriection"-: .section. li-e. ,. . a^ cpiumnar. 
protuberance) . or ..'through -hole, plug , and used: / f or . 
connecting 3l lower wiring layer to an upper wiring-" layer 
15., ... ...within .a. multilayer . wiring •structure,,., is." disclose:d for 

. , example,.- in Japanese ' Patent ■■. Applicatipn Laid-epe£ NosV 
. ^ > ^-^ , 63-76350, ;5-.47935,: or' 9-6?559, . ./ ' / 

'[■^^^ FIG. Z ^- shows; one example. . of . the structures of-; ah. 

- : interlayer cpnnection wichin a conventional semicondu.cror, 
20 .device.,. As shown in "FIG . > .4 , "a first., inter layer 

insulation film .2. is -formed -ort^ a semi.GonduG tor .substrate . 
■ 1.. and . a lower wiring layer 4 i - is f or.med on, the -firsr- 
. -:.-v. . . V interlayer- . insulation- gilm - 2-: A second ini:e^rl :i\cr • 
insulation f ilm . 3 is scackec on the - first incerla\-er 
'25 \: insulation ..film 2'-so as to • enwrap .the: lower wiring iaver 
■ .* . '\ ^.1.- In-. order, zo/- form, a • v.e-r t ica I connection "secc lor- :^>r:.' 



establishing a connection between the lower wiring layer 
4 1 and an "upper wiring layer (not shown) formed, on the 
second interlayer insulation film 3, a resist mask 42 is 
formed on the se.(::ond interlayer insulation film 3. An 
opening 43a used for the . purpose of forming a through 
. hole - is fortned in the, resist mask ■.4 2V the. second 
'interlayer insulation - film 3" is etched through" .the 
\openihg: 43a, to thereby: form a through hole . 43b ikad::ng 
'up to the lower wiring layer 41. 

\, ^- .The resist .masfc 4 2" is then . removed,; arid electrical 
"contaGt. is estabiis'hed .between -the lower wiring .layeir 41 
•and the upper wiring layer by filling/the through hole 42 
with Velectrically-Gonductive material - . r 
^'■'\[\'y ' Under ,^.such /a '^conventional ^:;methoG ;;\of ^\rGr"l■nc^ ^. a 
:murtilayer- -wxring " structure; • as . che, diameter . of ^ zhe 
. through hole becomes .;smal ler-, an opening ■ failure is -ape. 
"to arise during the patterning of a resist mask used, for 
the purpose of opening a through hole.- Further, due to 
-a, decrease in the -size ■of the- lower- layer wiring pat ::erns' 
rand uhe • picch between the patterns, .a ' positional 
displacement I'Of; an opening .cf a . through hole ..is apt .^ tc^ 
'arise. / ■ ' ; . . . = :'■ : -. ^ ' ' ■ ' 

- . ' ■ -rlGsW SA, ana 5B -^ar^. cross : "sectional views- for 
•explaining another ^multllay^x Wiring .structurev.of....ahot her; 
convent iohal. semicpnauGto : FIG ,-5A is' > ' ir'ont^ 

Gross-sectional .'view of the semiconductor device ; ...'and 
FIG.. 5B is a .side ■ cross-sectional view , of the same. As 
:shown: in •^rlG. SA, -the first- i-nterlayer ih'sul.at ion film 2 
•is ■ 'formed; ch one .■ sen^iGonductbr substrate .1;' ■ Ne:-:.;:; "a- 
-plurality of- ..conductive ' nerncers 50 ;are'' f o;rmed :'or\ "the 
• f irst ■ interlayer msulat ion f iln 2 at ^ given ' inter'.^ais .and 
in parallel . wich each ..other. ' ' Each' 'of ■ t he ' cinduot ive- 
members 50- comprises a lower ' wir layer 51 ;. :an atoning , 
stopper 52, ^and a plug memcer 53 to be used, as, a plug , 
all'of which are stacked. in this. order-. . Subsequent Ly ,;a.' 

'■ '. ^ ' ^'^O.'"^ . ^ 



second inte-rlayer insulation film 54 is filled inrc -che': 
.clearance betv/ean che conduce ive xembers 50. 

A resist ; patcern 55 , which is siightEly larger.-- "han 
/ ' a • through^hole .plug • to- be formed,." is formed on' each 
5 " V- conductive member 50 . . While the resist . pattern;..^55 is 

- ' .. used as an etching, mask, the plug^. member 53 is; etched to 
\ thereby ' form 'the lower;.' wiring, "layer 51 and *;' the 

■' .'t,hrough-hole; plug - ■ 53a,;' /as ' represented •by-, a.- .. side' 

* •■;;"".- Vcross-sect ional view of FIG.'SS. , . . 

. lOr. .. In the manuf acture of a 'semiconduccor,' device^^ 

: ■■' -.such -'a- ■, structure / -the ; etching ' 'Stopper ..:52' . stbps^ 'V ' 
■ ' ' ;.; ' ;^etching of the plug member 53. However/ since the plug 
. . ■ - member 53- is . etched in an isocropic manner , there arises 
• " ■; .;a. ;risk of ' the!/width. Lo^^ through-hole, plug, 53a being. 

•15; / -.-.reduced ..; to - "a: • smaller . width-; "Lll . a .s a* result." of 
. over -etching^'' of ;:he area 'of the. ".thrcu"gh-ho.le,.plug; 5 3 ' zn\ 
■' "^the' vicinity- -of '■ the 'etching ^ Stopper 52. . . ; / ''v'^'. 

- ' - . Further, the manufacture of a semiconductor .device . 
.-: '. -^ having such a: conventional multilayer wiring. ' st-.r^^^^ 

20; . '/..- involves the need -to. form the etching; stopper ; 52 .between ' 
; ' :/'the lower .wiring: layer .51 and* the plug, m.ember '53 thereby 
: ... complicating: the formation". of the conductive' member .• 50 . 
■ Further ;" ; switching '. between '.'isotropic *" " etching " and - ; 
■' ariisotrop.ie;:/ etching " •. makes. " the.-- • etching . process • 
•25.;,. complicated ..:_-■ ' , .; \:':.^'-v' . . 

Disclosure of the Invention • - ^'7 v 

:■:■••:;■". \ -The 'present invent ion"' has .been ..contrived : -p:;'/solve 

;•■■_■ ■ V the foregoing drawbacks 'in the background arf^. and: the 
* . /.primary object of the; present invent ion ,, is; to pr:oMide -a 
30 :^ ' semiconductor device .-which has /superior , character 
\ ; • /and- is formed f rom :"a;,.c3nGuct ive ' T.^rnber having ; a. • Icv/er 

wiring .layer integrally fcrfi-fri with .an .in- er .1 a-/er ' 
, " l connection, .plug^ . /; :' :'. : . ■ > ■/•/^';; . ... 

V . ".V •■. : ,. , "The; second object, V^f-v- he - cre'sen.' invent i'on;:^ is 'tc ■; 
.provide a;, met hod; of: manuf aotu'r in^ '• a: semico.hduccor7dV^:l:::e■ 
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having a simplified step of fbrrnihg a plug us6d for the • 
purpose of connecting . multilayer wiring patterns 
together. ■ . v 

"To accomplish these objects,, in accordiance with one 
aspect of the . present . invention, .;t here : is provided a - 
sismiconductor device comprisihg an upper wiring layer and 
a-lbwer wiring layer which are spaced apart at a given;- 
interval- within an interlayer insulation film; a coiumhar . 

■connection, . section which • is' .formed ^ substantiaily 
perpendicularly tfo the upper^and- rlower. wiring layers so 
as to connect the upper and . lower wiring. Mayers- together ; 
and the lower wiring layer and the columnar connection section being 
defined by a single, piece eonductive meraber of. single layer or multi^ 
layer structure ;(i,e- they are simultaneously formed). . 
■ Preferably; xh the semiconductor device according" t'b" 

.the present ..invention/' . the primary /material of the. / 
conductive member • consists/ of /-one . or ^ niore . materials-, 
selected from the. . group- / comprising polycrystallihe /- 

■silicbri, -aluJBiniuni,/ copper cobalt / titanium, molybdenum, 
and tungsten. ' 

■ //•:..; Since- m which are 'to" become' a^ lower, wiring. /' 

layer and - a plug are- formed' by single.- deposition of. a/kv 

.conductive material, or • materials ^ a structure ' having a/-" 

'.high' degree of reliability can be obtained-. • / ,: ," 

Preferably, in the semiconductor devicie according to the 
present invention , the lower ' ulring layer and the . columnar connection, 

.section are formed of either . the same material or- a plurality: of 
materials having substantially the same etching characteristics at 
least , at the juncture of the 'lower wiring . layer and the colurhnaf . 
connection section. ■ ■ - / V^'' • 

/ . . In- this case a /boundary-- region . between the • lov;er// 
wiring, iayer and thevpiug is ; formed. from one raateriaL or a ■/ 
plurality of materials having substantially the.-same. etching 
characteristics; ; and does not/.* include, a material, chat 
adts as • an ecchihg: stopper' ".due. to-; whiGii - -et-cning ' 



characceristics will drastically change. Accordingly, 
there is prevented, .formacion of a width-reduced portion 
at the juncture of the lower wiring layer and 

the plug, thereby resulting in. a plug having a!^ high 
degree of; r.eliability. . 

Preferably, in the semiconductor device according to 
the present invention, the width of the columnar 
connection section in the longitudinal direction of the 
lower wiring layer gradually increases toward the lower 
wiring layer. . < / 

'In this case, since connection through a. wide" a 
is ensured between the lower wiring layer and the plug\ 
a high degree of electrical and mechanical., reliability 
can be attained- ; : 

In accordance with another aspect, of : the , preseat- 
■ ifivention/ there is provided a method of manufacturing a* 
semiconductor device .comprising the steps, of . forming a 
trench in. an interlayer insulation film formed on a 
semiconductor substrate ; filling the inside of the trench 
with a conductive member; forming" on 'the surface of the 
conductive member ,. a resist pattern to be used .for masking . : 
columnar connection ^ section; and etching' the- conductive 
member to a given depth while using the- resist pattern as 
a mask, ■ thereby forming, from the conductive* member ,^ a-- 
lower -wiring, layer; and a columnar connect ion. sect ion . ^ , 

* ■ • . • \ ■ "" . • • . ■ " *■ . ' . 

In. the method-,: • since a member which .is to become a- 
.lower wiring layer : and a plug "can be formed from . 

conductive material- by a single deposition, a 'process of 

. • - ' . * ■ ." 
manufacturing a mult i lay^r- wiring - structure, can be. 

■simplified or shortened, and ' a structure * having a high 

degree -of reliability i s cbra ined . ■ • ' • 

, ' Furcher, since a c:.spiaeemenc is not apt to arise :n 

the posit ion. where a wiring Layer and ;a plug overlap each- 



■ ocher. rendering .photolithography for' plug forming 
purposes is made easy. 

The method may . comprise the steps of removing che - 
resist pattern and: forming an upper wiring layer on the 
columnar connection section. 

- . In this case, a iconnectidn is established between a 
lower wiring layer. and an upper. wiring layer, thereby 
yielding a semiconductor device^ having a multilayer 
, structure . . ' 

:In the method, etching of the conductive member -is:' 
preferably :performed by anisotropic etching. , 

In this case,^ a. plug can be formed solely by 
anisotropic etching/ and hence there can be formed . a 
wiring structure which has a high degree of dimensional 
accuracy and reduced errors v : , ■■ /' / ; " ' ' 

Brief Descript ion '.of Drawihcrs ... 

FIGs , lA and"' IB • are perspective Views showing the. 
./structure of , a semicQhductor ' device according', to a /f irst 
embodimerit of . the. present invention, 'particularly ^ che 
structure , of a lower wiring/layer and a plug; 

FIG. 2A .is a .plan view showing; the structure of ; the 
semiconductor device according to' the\f irst embodiTienc-, 
• part icularly the' structure .of. a . lower .wiring/ layer and a 
plug;- '^-V ': ■ '.. • ■ 

FIG: 2B IS a-.f rontj cross>-secti6nal\ view- showing.^^-'r 
'same;' ' " ■■ ' , y." [' '.' ■ 

^ FIG / 2C IS ; a • side cross -sectional view showlnc. ::ne 
same ; ; ■ - .y ; ^ . '*■,''.•.■: - 

FIGs.- 3A. to 2ry are • "front- -cross.-secticnal -/lew's 
.showing the steps .cf a method of m.ahuf actur inc .'r,he 
semiconductor device, acrrordinig to .the • first embddirr.^r.t ■ 
■y - FIG. 4 is., a -SGh'^na- iG representation .for expla inLn-^ 
the. structure ofj . .30 ' inter layer connect ion of ' a. 
convent iohal semiconductor device -.and a' .method of 
.mahuf act u ring •t:;he r\--;-) ^-r- : and - 



FIGs. ' SA and 5B are cross sectional views . f.or 
explaining- the . structure of interlayer . connect ion., of 
another .conventional • semiconductor device . and ' the 

manufacture of the device. . 

...... \ / ... . _ 

" Best Mode for ^ Carrying out the Invention • 

With '-.reference to . the accompanying drawings, 
preferred; embodiments of the present . invention .will.'b'? 
■ described;- Throughout the ■ drawings , like or. 

corresponding elements ' are -assigned . .like- reference 
numerals..''^-. v:*-. ■ „ \ ^ ^ - ' ^ .. 

; First .Embodiment : :" 

... FIGs.' lA and IB, and FIGs . 2A through • 2C showche 
structure of a semiconductor device according' to a first 
embodiment of - the. present invention . FIG. 1. is ;a 
perspective - view' of the semiconductor device/ More 
'specifically, FIG. lA shows a /lower wiring iayer-'ahd a 
columnar connection section- (or a ■ plug) and FIG. .IB 
shows , an upper wiring layer formed on the plug. 

, FIGs , - 2A ■■ 'through .2C - are. ^ a • plan view ; -' and*, 
cross-sectionai. views of the . semiconductor device shown 
in FIGs. lA' and IB - ' More, specifically,^ FIG.." 2A is a' plan 
vi^w/- FIG.. 2B a-, front .crossTsectional view, . and FIG .-. .2C 
a side cross -sect ional view. ./ 

. In FIGs .. lA and. ;:13, a first interlayer' insula.^ ich' 
film 2, is formed" "on'., a semiconductor substrate 1, and a' 
second intierlayer insulation. ■ film -..^ is formed- on Che/ 
interlayer insulation film /2..' A trench 4 is formed' in 
the interlayer insulation film. 3/ and a : lower .'wiring . 
layer 3 is formed on the interlayer -insuiacicn; film 2 
the bottom of the. trench 4. ' Anj upper wiring layer. ? :.s 
formed on che incerlayer insulation filx 3. A colur.r.ar 
connection .sect*ioh.>{or a plug) 7 protrudes vert ica iiy 
from the lower" wiring layer- 5. unril it com^s into conzsLct 
wich the " upper. . wiring." Layer ; 9 thereby connect ing . 't he;. 



upper and lower wiring layers 8, 9 cogether. A third 
interlayer insulaCion film 10 is formed oh the interiayer 
insulation film 4;- and the upper wiring layer 9 is formed 
within the third .mterlayer insulation film. 10 - • • '■ 

•■ With- the foregoing .structure, the ^ conductive 
materials which are to form the lower wiring layer S and 
the plug- 7 are formed at one . time . ■ In short ; the 
conductive materials are integrally formed in 'one step or 
in a .continuous series of .step^. \ ' AcGordingly/ 'the 
rGonductive material is free, from connection, resistance, 
and has; superior: electrical ..characteristzics.vr 
• As :showh in FIG. 2A-, the lower wiring . layer . 8^ has a 

; width Wo,; \,anc; the;plug is;a;,?rism 'fitted in the wi.dtn. 
..'wo'.. -.The .. piugf > \ has a.- length" Lb ' 'ifr -.the' ;jongitudinar'' 
redirection' of the"' rower' wiring layer S. .■ ": 

. Further/ as. shown in FIG . 26 the lower wiring- Layer' 
: has ' a' height Hw/:and the plug- 7. -has^Va height Hp^;-";-'; .": 
. ; ■ As represented hy the- side cross-s'e'ctional -- view 
'shown in 'FIG-., ^ 2C, ' Dhe 'width of ' ;, the plug ,7; in, ^^zhei' 
longitudinal direction cf the lower wiring- ;layer; •c-' 
increases toward the ■ lower-, wi ring : layer • S -^in - ^he 'vid-inir^^, / 
'of- the ;..oint pension between the plug 7' and the' . l;cwer 
•Wiring ■ layer 3.:. As- shown . in- the 'drawing, the. ma-ximum:v 
.width" 6f--the width-increasing :pdrtion.. of • the plug 7 .^sv 
Ll ; "■ -Such. a. continuous -structure"- renders the. cohduc tive . 
•material! ; mechahicaiiy strong without . • an ^ increase ".;in\ 
electrical'-.resistan'ce and'; ■ hence , is very ■desirable./-. . V ; 

"Second Embodiment:-..' " ^ 

' ■ -FIGs. . 5A ■ 3F. : are -drawings"- - for VeKplaining ^'the " 

manufacture of :a semiconductor device ■ accordihg tc ya ; 
"second embodimeht-- of the.', present invention..;';- -''The 
■^manufacturing sneps of - the. .. rr.ethod -"are • shown 'in. z-he.y 

drav/ings. taking as an .example- the semiconductor deviGe- 
-having a structure:-such as that, described. • in the: fa rs:-' 

embodiment.. 



The. manufacturing mechod will now be described wijch 
reference to FIGs.. 3A - 3F, . First,, as shown in FIG. 3 A, 
the first interlayer insulation film- 2 is 'formed from', 
for; example, . silicon oxide (Si02) / :on the semiconductor 
substrate 1 made of . silicon ' or the . like.. • The 
semiconductor substrate 1 may have circuit elements and 
an electronic circuit formed therein. Next, the • second 
.interlayer insulation film 3 is formed on , che ' first" 
interlayer insulation, film 2. ' ; The 'thickness of the 
second incerlayer insulation; film;3 :is, for example^,/ 13.0C 

As shcv/n in FIGv 3B, through-use of phocolithography.. 
.and a. dry etchi.ng technique, the trench 4- having a width' 
W9 is . formed -in- the* interlayer insulation: f ilm 3 -- /The ' 
width Wo of the trench 4 is set ^o, / for . example", 300 :nm,; 
as : the width required- by 'the .lower wiring layer . ' The 
depth of the trench 4 "is set so as to become equal, do ih.e 
thickness- of; the interlayer ; insulation film ,.3., fb.t; 
'example, 1300' nm, ' . - :, . . • ■ . • , 

As shown in : FIG . " 3C, a conductive member /5 "f orced, 
from, for. example/ tungsten," is./deppsited -oh. the first 
interlayer;;- insulation film 2 \ and - ■ the interlayer;. 
insulation" -film 3 by chemical vapor depbsit.iqn such tha-D 
the conduct ive member- 5 fills, the trench, 4 and covers- C:he; 
top; surface of' the.- interlayer ' in'suiai: ion "film 3. ; >' 

• ■ ; As shown, m FIG 3D., the ■ excessive port ion o: c p.'s. 
conductive mem>ber- -5 ' " is ' etched- back ; ' For ■ exar.p le , ;■ 
excessive • tungsten is etched back by-- sulfur hexafluoride 
(SF^) gas-,. thereby .expos ing "■.a-' . surf ace • 3£. of ■;the. 
interlayer 'insulation- f ilm 3 . ' 

" As- shown in FIGs;- .3E and 2A to 2C, a resist, pan "e rn;. 
;6 is fprm.ed by photolithography i.n an area on the surf-^ce 
of Che condyctive member 5, where the plug :gr 
connecting, the lower wiring layer 8 zo the-' upper . v/i r i..ng ^ 
layer is :to be f ormed .... The.- conduct ive member! 5' is' 
etched wniie the resist pattern 6 is used as a. mask. 



example, tungsten is etched by a SF^ 'gas. FIG. 3E shows 
the conductive member as it is being etched. 

■ ' ■ As . shown in FIGs. 3F and 2A .to 2G, etching is 
controlled such -/that 'when ' the; , length ■ o^ the plug ,-7 
becomes Hp/and the thickness of the lower- wiring layer S", 
which is . made of the '.conductive material remaining on the 
botcpm, of -the. trench 4,. becomes' Hw;. etching cf .the 
.conductive member. 5 is' stopped. In. this :case.- it : is 
desitable to etch the. conductive . member' by ; anisotrdpic 
et-ching so as to. prevent the formation' of side edges . . As' 
a result/ a plug '.'having vertical side -surf aces can ;be; 

■:f6rmed'- ■'; " . ■ " ; V ,"' ' ' ' ' ' ' ' • ' 

: For ■exampie/^asVme previously; - the xrench. 4 

■:preferab.ly hds a depth of 1300' nm.; .< Further ; ' the. -he ignt; 
. of the lower ■wiringUayer S'^pref erably ' has a" heicnt' Hw' 
' of ;, for example;, 500 nm/ and the! plug :.7 ^preferably- has. a.' 
height Hp of ," for example/ SOO nm/ . ' " " : / 

• The; lower- wiring layer 3 ' and' - the . plug ; 7-. are _ 
■simultaneously formed f 'rem " the ■ same, conductive m.a.'-e r la 1 
through' the aforementioned steps .' The lower wiring layer' 
''S and the plug.- 7 >re ' then etched to; have' respect i ve ■ : a I'- 
. shapes. :> ■ ' . / ■ ' '." '■" /' 

■ • ::^ As showh .ln' IB/ -while^the iirench 4-/;; from .which 
the, conduct ive ; material . i's "removed -Dhrough . etching-/ / is. 
'f-il'led/ a:''third.interlayer ihsulacion film. 10 is ^ formed 
^on^ the- interla:yer' insulation film -3-.' A trench is 'fbrmed 
: in the- interlayer. insulatiion f ilm iO in s.uch.- a- ' way • as zo 
pass over the plug 7 / , the" uppe'r wiring/laye-r. ? is fcrxe^ - 
in .the. trench../'. The' tower wiring . layer ^ S . is : eveni-jally:, 
■connected to; the: .upper ■ wiring.'- layer S via. the pl'i^ , 
thereby f orming. "a ; semiconductor .device . 

" ^ ... A . multilayer wi r-mg structure having three .T.ore. 
layers - may be formed rhrough re.peticibn 'of :ihe' cyil'^^ bf^- 
.the- foregoing manufacturing steps. . . • , 

■ The. aforementioned . mahufactur mg ■method' -^..ah ; ,'' 
^summarized as .follov;s: ' 



1) A trench" used for che purpose, of forming a lower 
..wiring layer (or .the first wiring layer) ' is formed in the 
: interlayer insulation f iim.-- The "depth" of the trench is 

the sum of the depth; required "by the lower wiring layer- 
and the depth required.by the interlayer insulation film 
situated between .- the lower wiring layer and- the . upper 
wiring layer (of the second wiring. layer) . 

2) ..The trench is.; filled with conductive material;" 
' and a • resist pattern , which: is the same in size .as the 

through hole, is formed on the conductive material at a 
.position corresponding,, to ' the ■ position-, .of the through 
hole . . ■ ' " ' ; ' ' " ■ 

3) ^ The ^ conductive material filled in the trench, is 
■ etched via . a resist pattern to . such an . extent that th^ 
icohduGcive material .is. left on the bottom of : the/trench 
in. the thickness required by, the lower- '.wiring layer, 
whereby there is; formed' a columnar conneccipn sect ion (or 
•a plug) " for connecting - the upper and .lower, wiring' layers' 
itogether ' ..'•;.'.• ' ...v ■". 

-:4);.T.he resist pattern' is removed., and an. interlayer 
insulation- film' is formed: -while there is- f illed ... the.' 
trench 'from' which Ehe''conducti\^e material has' been 
removed. The interlayer ih^uiation f ilm" is, "made ■ fiat , as- 
required. The upper' wiring layer is formed "' en' : the. 
interlayer , insulation.- f ilF; " and is . connected " cc "he 
.columnar connection: section lor a olug) . As, a ^-'esult/. 
the upper and., lower wi.ring layers are connecced ■ tcg-^r z'he r--; 
thereby forming ;a multilayer v/iring structure. ; 

According -to the foregoing manufacturing me thod the. 
lower wiring layer S "and the plug 7 are simultaneously 
formed- from. -the .same material, and hence the prcj-c-ss of' 
manuf acti4ririg a semiconductcr. device having a -rr^l ; 1 :j.yor 
wiring stiructure can be'^ simplif led . The quanzizy of- 
foreign, artiqle, which appears at .the .time' of depositierv:' 
of conductive material, such as tungsten, is.- reduce^ .and ' 



a wiring layer having a. high degree of reliability can be 
formed . ' ' ' • 

.' In t:he manufacture of a. convencional chrough-hole 
plug such as that described- with reference' to FIG.- 4, a 
plug is , formed through the" fbifiTiat ion. of "a through hole. . • 
the conventional method requires. ..the formation of a 
minute hoi ei. in contrast) under the method accorcing co 
the /present ■ embodiment , a .;resist - pattern used when a"^ 
through-hole plug' is not a. hole but a. pattern left on- 
conductive material, so that .a thrdugh-hole'-plug is l^ft^ 
after ■•etching . . Therefore ,;;*^ph6t6iithography- ce.comes. 
easier-. . - ' ^" ' 

: : As can be -seen from FIG ,2C/.. the • boundary "retweer... 
the prug.-7 .and . t he lower, wiring" layer "8 has a' contihuous 
curved ■ surf ace . ■.. Further',. ,; it ---^is- seen that- ' the 'length Ll.: 
of the boundary . region -is larger than the . length LO.-bf 
the plug, 7 ^in the ipngitudinal direction of 'the !:rer.ch-,4:. 
Such a ■ continuous structure :^ is -.very ■ ..desirable, from 
mechanical- and " electrical vie'.N'poincs According "o .the... 
aforementioned. maiiuf acturihg ''V: method/ a conr.ecticn 
"'structure, having such :a- cohfigu-Xat ion /can be." f ont.ed 

.Third. .Smbodifreht ; 

. . A method^of manufacturin§..a semiconducc device ahd'-. 
a . semiconductor ■ device nianuract'Ured'-. by , che T-ethod,^ 
according to a third embbdiment^will. be described.'. 
.,\.r .' - Although the first and second embodimenus h^ve. been^' 
described with .reference.-- to'"a case' v/here tuhgs ten -i-^'- use'd 
as- conduct iye ■ material which^; is' to-.;.be" used as > -Lower 
v/iring - layer, and" a plug , c.ther- maite'rials may.be \:seo as. 
the . conduct! ive- material; . .''.'.' 

■ ' ' In one . example , in a step corresponding, tc the si-st 
shown - in:. FIG. , 3C, titanium ^Tij i s ' depos 1 1 ei .to .'a: 
thickness of 100 nr. by sputtering, thereby forming a tnirj 
titanium, 'film-, on -the bottOT. or -side .surfaces of 
.trench .4 Subsequently, " 'coppe r ;.' oon t a i h i ng • a 1 urn i a I 1 :y 
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■ 1.3 . . .. . 

is' deposited co a- thickness of- 1000 nm/- thereby forming 
a multilayer structure connprising two layers . 

In the case of aluminum, this materr'al . may be etched 
"only by anisotropic etching through. use of .chlorine "(Clj). 
. 5 ^. gas or:. boron chloride {BCI3} gas-. As with" tungsten; • the 
boundary region between the plug and the lower wiring. 
* layer can be formed. so asptg have a -desirable continuous 

structure . ■ ' >. 
', Even in a- case where a multilayer structure of three '-; 

, .10., : ..layers was formed in ''the- foregoing order . from titaniurri • 
■ ,. nitride (TiN) or Ti + TiN in ■ place 'cf titanium (Ti.)";,;:.' .a 
' si:r.ilar desirable result was obtained : ■ *: * -•. 

As mentioned previously, a portion of "the conductive 
l" . • .'• material which is ;to become." a-., lower -v^iring ; lave 

. V15;. '; v" / pQ>;qj_iori--0:f ' the conductive material which; is to' 'be cone a 
■ : -.plug are^: deposited sim.ul taneously . The. • ' express iqn' 
•'."simultaneously'r""used her both- the case , "of 

y .simultaneous deposit ion -of a single material and tHei^case/*' ' / 
■;.of. integral deposition of different types of materials;.' m . ■ 
• 20 -.subsequent steps . 'in the same process: " ' r '- 

• / ■ , y ':t -IS ; also -acknowledged ^ that, ■ in V' 'addi t icn .'"■■t 6: 
; tungsten-vand' aluminum-/, polycrystalline" silicon . 'copper., - . 

■ ; 'cobalt ; .titanium, or molvbdenum -an be 'used: as Vine' 

primary material of the conductive, nember navmg ;unifo'rT. 
^. 2S ■ " etching ::: characterist ics . ' Further-, as ^^m the ■•secpnd ■ 
/ * ' ..embodiment , ■■ it is acknowledged that .. a T.uiti layer' 

■ .'..structure may be- formed: from a plural I'^y cf rnate.;riais 
/ selected from the. .above -described conductive r.aterials ... ■ 

. -If. a-.' two- layer structure comprising; e . g ; ,\ e it he:r . 

30 -'. : -^.aluminum .- and titanium or . polycrystalline silicon , and : 

\.- . '-.tungsten, \.exists in . the .boundary region between the plug 
' ■ 7...;and the Icw^r- 'wiring, lay^r 3. the etching . 

characteristics of the bour.iary region -change 
, ■ .;, drastt'cal.ly.- : ,In-\such.- a - ca.se,. .^s can be seen'- from ch;3 ^ 
35-/ .conventional: example, shown in FIG. .5= there * arises-^' k .: 
■ ; ^risk thac;:;a;- width7-reduc formed" as\f ;:resuU . 

. /-y-: . : . ' , : : ■• : ■ , 
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of over-etching., It is desirable that conductive 
material (s) having substantially the : same etching 
: -. ■ ;CharaGterist ICS be used for the boundary region becweeh 
.:. > the- plug and , the lower, wiring, layer. , In other words- 
,5 • .material, which; does hot contain a material that- caii be 
■ • used as an. etching stopper,, is / desirable;- as conductive • 
^ ^^ ■.^ ,; material . ' - - . - ■ ' • /- 

■ ^ As mentioned preyibuslV:; in the present embodiment > / 
. the ■ foregoing ciohducti've materials can:- be. used ; for- a 
10- ■•• •" -..--••.•.member' which is . to become . a lower ' wiring layer . and ■ a; . 
•* .-v: plug . /".v.- ,••....: ■ : . .. :,.■.•. - .. 



• CLAIMS: ; . .■ -;■ . • 

. 1. A ^semiconductor device comprising : ' ^ 

- ' . an upper wirin'ig. layer and. a lower wiring 1^^^ 
; 5 ' . are spaced: aparr ar a given interval within' an ihterlayer 
insulation "film; and J ; . 

,a columnar' connection section .'Whichy is formed; 
, / substantially , per^^ to said upper . ' and lower. 

. . wiring . layers so as to Gonnisct said upper ^ and lower 
: 10 ..wiring layers .together ^ wherein 

:Said lower Wiring layer and said columnar connection 
section, are defined by a single piece conductive -member ' 
^ t^^f single layer of multilayer structure . \ v- - 

■,15 : '■• 2.. The semiconductor device' according to. .claim , . 
. j wherein ;the . primary material of, said, conductive - member' 
' : - ^ ^ of one or" more materials: selected from the group ; 

comprising polycrystalline- silicon , aluminium,, copper,. 
> cobailt/ titanium, molybdenumv and tungsten. . '-' 

2 0 ■•*■ ' ' .-y'-^:::-/':'^ " -r:; . . 

" ' 3 - The semiconductor device according to claim - l or 2 , ' 
. .'..'wherein said lower ■ wiring layer , and said columnar 
connection . section are . formed- of either - the same. 
'.. •/■material,;, .or; a' .plurality. of materials - having 
••25 substantially the same etching characteristics at leas- ^ 
. ' " - at the ■ juncture , o.f said Slower wiring 'layer' and said. 
c>^:'.: columnar connection: sec . V:: /. V- 



4, ' The semiconduGtor" device' acGof ding to 1^.2 
,3 , wherein the width of said ;columnar, connection section 
, in the- longitudinal direction of /said lower wirihg^ layer 
. gradually increases toward sa'id lower, wiring layer at the . 

, 5 juhcture of said, lower wiring . layer :.:.ahd .said ddlumnar 
connection section /-""V ■ .• 

■"^. r/:; J' - 5 . •■■ • , a; seraiGonduGtdi: /.deviceV'/as/ :..de;f ined ' by : claim ■'. 

" , constructed subs tahtially as described' hereinbefore; with ' - ^z 
; 10 ^ : /reference .to and ;aSr- shown-;in- ' Figures ;lA,>tp 2G or. in 

{' ^■;' V"'^ /V-.^-.. ■;' A.: method 'of manufacturing >*a. . semiconductor^-, d i. .• . 

" -'V' Cpmprising'-.th • .■=■''; > 

^■^■^/■,?;. 15-;.-: ' " ; '; ;';'f orming' a -^treneh' in; ah'Jintetiayer ih^ulatipn' . f ilm 
.^f^ • .^x'./'^ a" semicdhduGtof ' substiratei- . . - '* - ■ ' • • . 

;U V '^^'^^^^ the ihside^Qf said' trench' with., a conductive .^ ' 

v,^ : member';;: ■ ^ : ■ •. ..''r • :/\ ■ .,, *" S ■ , : ' 

'^-^ '"^ f orming--dh the/, surf ace- ; of ^ said:- coriduc ^^'-v-; 
20 .- .i resist- :pattern - ^ta ^.-be.-. .used/' ^fbr . . masking "a-V columnar . . , 
-. / .^connection, section ; ' and ' ;. . -.^ ■ / • : : ' :".'- \^'.. 

■ V. r > etching said ./conductive - member . to , a given ■ depth-. 

. while, us ^said resist ' pattern as a • maskV thereby . 
'. . ' :. ; forming, .from • said -Gonduct ive Vmember./ . a / 1 wiring : 

■ ' . 25"-/ , /•■layer/:;and , the- .. section./ ' \\ " ' •-: . 

. /. ,-7 . . the method of manufacturing a semicbnduGtor device 



' according to claim 6, further comprising the steps of 
. removing ■ said ; resist pattern; and/.' forming said upper 
wiring .layer on said columnar connection -section .... 

5: : :8. The method of manufacturing a semiconductor device 
according to- claim.. 5 or 7,,. wherein -said conductive member 
^is; etched by , anisotropic ..etching. 
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Amendments :o the daims have been filed as tcllow^ 
,1. A method of. manufacturing a semiconductor" device; 
comprising the steps of: • . 

forming a 'trench ■ m ah inter layer "insulation f i Im 
' 5 ■ fcrmed on. a semiconductor . subs trace ; 
■•"•v".' - ,. filling the. •••i n s ice., of s a id . trench' .wit h 'a. unilayer ' 
conductive member' or" a single:. materiai;^ ■ 

: formiag on; t.n'e. surf ace of said /conduct ive .member a . 
.resist pattern, -to be,' used for ^masking a, columnar 
10-. ..connection section ; . ■ "i;-^ ".^ ' ' ; 

V: V .etching; said- -conducxive'- member ■ t.b;' a ^ given -.depth. ,./, 

'-.whl'le - u'5ing" *■ said resist pattern as- a 'mask, thereby • 
" f ormmg f rom^ . said--; conductive- .■ member t.he columnar 
v-y -^v .cG.n nee ti on sec;::lon, and a lower .layef -wirin-gy; • ■ . 
-•IS..".....';-. removing -said .res i.5t. .oatte^ 



...^ -..forming ' upper ^. '.i-ayer:^ Uii^ihc on f. said' ■ . do lurihat V .: 
cbnnectioh sedtion'. "/. , ^ " ' / ' ''. ' 



• ; . -l'.:' K method" or ■ manuf ac-tu.fing '..a ' semiconductor; device- \V 
■-■ 2Q- . . comprising'^the';steps ht:"^^-'. '.• ■ ...f 

'/ V " forming a/, trench ir; an . i.hter layer insulation film 
.'-h../h . formed ;.pn - a. s.emiconGuc tor!^. subs tr^te ; ' , 
• . _\ fiiling-'the inside . of/ said' trench, v/ith -a: ku 

■ -conductive . member "oi ; different mater i"a:.is to' ''form . a - ^'r 

2>,. ■ columnar "connection section and a lower.- laver ' v^ir mc ' i; 

-v' " ■ ■ .. ■ ' ' ' : ■■ ': ■ ■ i. .' .' .■: 

" '■ -forming ■ on. thQ- 4.urf.ace of" saic . cohcu':: t ive membe r '. a 

; - ^^"5rsn ■ pa t ter h; ' tc- - ' ' i3.?d- for . masMih^ the co l-um-n-u r i 



. ■ connection sect ion ;. . • . ■ ■ - 

'. etching .said conductivG member to' a given depth 
:' w pattern as a mask,, using.- as 

• ' etchant ar^ etchant yf or: which said dif f erenf materials of 
- 5;. said multilayer conductive member, have substantially the , -■ 
. -.same- etching cha^^acteristics -at least at the juncture of ; 

the columnar. connection section and lower- layer wiring- 
■' to- -b formed, thereby forming/ from said conductive ... 
.' member , /;the .columnar 'connection lower ; 

■ 10. . layer ■ wiring ; . 

• 'removing said resist battern; and . \ ' • 

• f orming ' said " upper- ' v-iring ' layer *o.n" said' -columnar" • 
" :connection- sec- lonV..'"- \' ■'. ;• ' , ] 

'r'l'5- >.. 3.. A."S'.0mico.nduc't.or '.device 'comprising ;,- .'-i 
an upper layer w-iring-. and- a.' •lowerV i^yer wiring, which • 
;\. are spa"c^d jcoar t . at a --given'-in'ter.val within an interlayer 

, insuiation ..: 1 Im:; and. ' -■ ' ' . ... 

[■ a': ^columnar • CDrnec"ion ■ section- ,;;^•^:lch^; is f orr^ec , 

2G ./ substantially: perpendicularly to^ said-- upper;, and . lov;.er.- 
: layer-.wirings so as to connect said upp4r and lower layo::; " 
wirings . together wherein" :'/■"'. ■'.".'• 

•v'-' said lower- layer wiring and saia columnar conneciio-n; V' 

■ : . section, are formed from -a. common m.ember > of the san. 
25 cone jcrive ' /material rhrouqhov^- ' ' ' 



-4 . . , A- s ex icond . 



o r o e : « ^ • ' c o p r i s i g :• 



sectLion .1--- the longitudinal direetipn of said lower' 
; . -'.l^yer wiri.ng gradually increases- toward said lower wiring 
.layerat che- juncture of said lower wiring layer and said. 
' columnar connection section. - 

5:':V '-^ ■' .-• . •.' .. - /. ■ ' - ' -■ • * . . ' 

8, . -. A ' senieonductor •■ device ,as . defined ■ by- • either of... 
: .clain^$ 3' orV 4 /. constructed substantially- as described 
: hereinbefore with- reference to . and :as .shown in riigures 

■'■ - .: lA ^to, 2C. or,.in Figures " lA, . 13> -3A to ' Jt.,. ' ■ 

AO ..\ /■ . :.. ■ / • : ' ■ ■■. ... • . : 




